INTRODUCTION
Lead is considered one of the major environmental pollutants and has been incriminated more often than any other element as a cause of accidental poisoning in domestic animals (N. A.S., 1972) . The acute effects of lead ingestion on animal health have been of major concern (Allcroft, 1950; Hatch and Funnell, 1969; Osweiler et al., 1973) but less attention has been given to the effects of ingestion of subclinical levels of lead on livestock (Dinius et al., 1973; Kelliher et al., 1973) . Pastures in the proximity of lead production facilities, or along heavily traveled highways, and waste materials such as newsprint, when used as feed for livestock, can increase lead intakes above normal and yet result in no apparent toxicity (Hammond and Aronson, 1964; Motto et al., 1970; Dinius etal., 1973) .
The present studies were conducted to determine the influence of lead at different dietary levels on performance, mineral composition of selected tissues and apparent lead absorption in sheep.
EXPERIMENTAL PROCEDURE
Two studies were conducted with sheep fed the same basal diet (table 1) . In experiment 1, 20 wether lambs with an average body weight of 36 kg were randomly assigned to five dietary treatments; basal diet, or basal diet plus 10, 100, 500 or 1,000 ppm added lead as reagentgrade acetate [Pb(C2 H3 O2)2" 3H2 O1. The animals were housed individually in elevated pens. Appropriate experimental diets were fed once daily in amounts of 10% more than the previous daily voluntary consumption. Water was available ad libitum. Body weights were recorded every 2 weeks throughout the experiment. At the end of 84 days on experiment, blood samples were obtained and the sheep were euthanized. Blood smears prepared from sheep fed 1,000 ppm lead were stained with 515 JOURNAL OF ANIMAL SCIENCE, Vol. 42, No. 2, 1976 (Cohen and Smith, 1919) and hematocrit values by a micro-hematocrit method in which an International Equipment Company micro-capillary reader was used. Manganese, iron, copper, zinc, calcium and magnesium in tissues were determined by atomic absorption spectrophotometry (Anonymous, 1973) . Tissue phosphorus was determined by a modification of the colorimetric method of Fiske and Subbarow ( 192 5) . Lead in feed and tissues including blood was determined on solutions of ashed material by means of atomic absorption spectrophotometry. The dry samples of feed, tissues and whole blood were dry ashed at 500 C and dissolved in 25 ml of .8 N nitric acid. Contaminant blanks were carried through the entire procedure and the value of contamination was subtracted from values obtained for samples. A single extraction procedure which involved chelation of lead with ammonium pyrrolidine dithiocarbamate at pH 8.5 and extraction of the chelate into a small volume of methyl isobutyI ketone for aspiration into the burner of the instrument was used on solutions of ashed material and standard solutions (Yeager et al., 1971) . A Perkin Elmer model 306 was used and the 2,833 A line found to be satisfactory with the 35 mA lead hollow cathode tamp. The method of standard additions was used to check the extraction of lead from the aqueous phase. Samples of liver and kidney from sheep fed 1,000 ppm added lead taken at time of slaughter were embedded in paraffin, stained with hematoxylin-eosin and also with an acid-fast stain for histological examination.
In experiment 2, 12 wether lambs with an average body weight of 37 kg were randomly allotted to two dietary treatments of basal diet (table 1) plus 50 or 1,000 ppm added lead in the form of lead acetate. Animals were housed individually in metabolism crates and fed 1 kg per head daily of the assigned experimental diet. Water was provided twice daily. Total urinary and fecal collections, 7 days in length, were made on the second, forth and seventh week of the experiment. Feces and urine within each 7-day collection period were pooled separately for each animal and aliquots saved for chemical analysis. Feed and fecal samples were analyzed for nitrogen, dry matter, ash, and urine samples for nitrogen, according to A.O.A.C. (1970) methods. Acid detergent fiber was determined by the method of Van Soest (1963) . Lead in feed, feces and urine was determined as described previously.
The data from both experiments were ana- lyzed statistically by analysis of variance and significant differences between means were determined using Duncan's Multiple Range Test (Steel and Torrie, 1960) .
etary levels of lead from 0 to 1,000 ppm caused a slight but nonsignificant reduction in average daily feed intake from 1.43 to 1.21 kg per day (table 2) . Average daily gain and feed conversion ratios were not significantly affected by any of the lead levels studied. Mean values for the effect of dietary lead on blood parameters are given in table 3. Dietary lead did not affect hemoglobin or hematocrit values or lead levels in whole blood. A slight increase in blood lead from .18 to .28 ppm was observed with increasing dietary lead levels. Erythrocytic abnormalities were not seen in blood smears from sheep fed 1,000 ppm lead.
Mean values for the concentration of minerals in various tissues are shown in table 4. The lead deposited in all tissues studied reflected the level of dietary lead (figures 1 and 2). Intakes of 500 and 1,000 ppm increased (P<.01) lead concentrations in liver, bone, brain and spleen. Significant (P<.05) increases in lead concentrations in kidney, heart and muscle were observed only with the 1,000 ppm level. Increased dietary lead intakes also resuited in higher (p<.01) zinc levels in the heart and brain and less (P<.01) iron in the brain. Copper concentrations in liver were numerically lower at higher levels of lead supplementation. Differences in mean values of other minerals in different tissues are apparent, but they probably represent animal variations rather than direct effects of dietary lead. Hepatic cells and renal tubular cells in histologic sections were examined carefully for the presence of intranuclear inclusion bodies, but none were found.
Experiment 2. High dietary lead had no significant (P>.05) effect on dry matter, organic matter, acid detergent fiber or nitrogen digestibility (table 5). Acid detergent fiber was affected (P<.O1) by week of collection, increasing from the second to the fourth week and decreasing in the seventh week. The large difference between the second and fourth week may be partially explained as lack of bacterial adjustment to the diet.
When comparing animals that received 50 and 1,000 ppm supplemental lead in the diet, there were no differences (P>.05) in nitrogen excreted in feces and urine and nitrogen absorbed and retained (table 5) . A decrease in nitrogen intake in the seventh collection week resulted in less (P<.05) nitrogen absorbed and consequently less nitrogen retained. Greater (P<.05) amounts of nitrogen in urine were also excreted in this time period.
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The data for dietary intake, fecal and urinary excretion of lead and the calculated values for apparent absorption and net retention of the element are summarized in table 5. Fecal and urinary excretion of lead increased (P<.01) from 47.2 and .3 mg per animal daily, respectively, to 920.5 and .7 mg as lead intake increased from 50.6 to 1009.3 rag/day. There were no significant differences due to treatment in apparent absorption or net retention, when expressed as percent of lead intake.
Discussion
Daily weight gains of sheep receiving up to 33 mg of lead per kilogram body weight (1,000 ppm in diet) for 84 days were not affected, although a non-significant decrease in daily feed intake was observed as levels of dietary lead were increased. Dinius et al. (1973) fed bull calves as much as 100 ppm lead for 100 days and observed no effect on performance, but Kelliher et al. (1973) administered 15 mg of lead per kilogram body weight to cattle (about 700 ppm lead, dry basis) and observed a mean group difference of 76.8 kg in live weight after a 280-day feeding period. This difference became apparent after 80 days of feeding the element. It is quite possible that if the feed for sheep in this study has been fed for a longer period of time, the group receiving 1,000 ppm would have eventually shown decreased performance, probably associated with reduced feed intake, and not with reduced feed efficiency as suggested by Kelliher et al. (1973) . The minimum cumulative lethal dose of lead for a cow has been estimated to be 6 to 7 mg of lead per kilogram body weight (Hammond and Aronson, 1964) . Calves have been reported to appear normal when ingesting 1 g of lead daily, though this rate of intake for 3 years eventually proved toxic (Allcroft, 1950) .
Increased dietary lead had no effect on hemoglobin or hematocrit in this study. Kelliher et aL (1973) , however, reported a progressive normocytic, normochromic anemia in calves after 42 days of feeding 15 mg of lead per kilogram body weight. Carson et al. (1973) found that daily ingestion by sheep of 2.3 and 4.5 mg lead per kilogram for 27 weeks resulted in significant increases in packed cell volume and hemoglobin, but the responses were not linear with lead exposure and were attributed to chance.
Nonsignificant increases in whole blood lead from .18 to .28 ppm were obtained with increasing levels of lead in the diet. Hammond and Aronson (1964) , reported that blood from cattle which had been poisoned with lead contained .35 to 2.36 ppm of lead and that bovine blood may "normally" contain .05 to .25 ppm of lead, but that some animals may be clinically healthy with blood levels of lead as high as 1.52 ppm. Carson et al. (1973) found mean blood lead levels of .06 ppm for control sheep and .17 and .30 ppm for sheep fed 2.3 and 4.5 mg lead, respectively, per kilogram body weight for 27 weeks. Kelliher et al. (1973) assayed blood of calves fed daily 15 mg of lead per kilogram body weight on a weekly basis and showed sharp increases in lead concentrations after 3 months of feeding the experimental diet. These high blood levels were maintained for 139 days, then decreased to about the same level observed during the initial 3 months of the experimental period.
Feeding 500 and 1,000 ppm of lead to sheep for 84 days increased (P<.01) lead concentrations in liver, bone, brain and spleen. The highest level of lead ingestion resulted in increased (P<.05) accumulations of lead in kidney, heart and muscle. Liver and kidneys have been identified as likely tissues for lead accumulation (Allcroft, 1950; Hatch and Funnell, 1969; Osweiler et al., 1973) and amounts above 10 and 20 ppm of lead (wet basis), respectively, along with a blood lead concentration of .35 ppm and clinical signs of lead poisoning, are sufficient to confirm a diagnosis in cattle (Buck, 1970) . Sheep receiving the diet containing 1,000 ppm of lead had kidney concentrations of lead over the lower limit considered to be a significant accumulation. Kidney cells concentrate the lead in intranuclear inclusion bodies which are storage sites that may have a protective effect during excessive lead exposure . Lead concentrations in bone ash were higher than in any other tissue, except at the highest level of dietary lead, where the kidney showed the highest concentration. Blaxter (1950) reported that when lead was administered orally the major portion of the accumulated lead was found in the skeleton.
The increases that occurred in zinc concentrations of heart and brain tissue with increasing lead and the inverse relationship between levels of lead and iron in the brain are of unknown significance. Research with horses and rats has shown certain interactions of lead with other mineral elements. In horses, lead deposition in bone appeared to be lower in the presence of high dietary zinc (Willoughby et al., 1972a) . Less than optimal amounts of dietary calcium and phosphorus have resulted in greater liver concentrations of lead in the young growing horse (Willoughby et al., 1972b) . A similar effect of low dietary calcium has been observed in rats by Six and Goyer (1970) . Lead deposition in liver, kidney and bone increased when rats were fed diets low in iron (Six and Goyer, 1972) . Klauder et al. (1972) reported that rat growth and lead content of erythrocytes were inversely related to copper intake. Tissue concentrations of most of the mineral elements recorded in this experiment were similar to values obtained with cattle (Standish et al., 1971) and with sheep (Watson et al., 1973) fed a basal diet similar in composition to the diet used in the present studies.
There were no differences in digestibility coefficients of the nutrients studied and in the nitrogen balance of sheep fed 50 or 1,000 ppm of lead. With increased lead ingestion, larger (P<.01) amounts of lead were excreted in feces and urine and also more lead was absorbed and retained, but when expressed as a percentage of ingested lead, only urinary excretion was found significantly (P<.01) different. These results are similar to those reported by Dinius et al. (1973) with lower levels of lead ingestion (10 and 100 ppm) in calves, although they found that urinary excretion expressed as percentage of lead ingested was not significantly affected. Blaxter (1950) stated that urinary excretion of lead is dependent on lead intake, but he found that when large quantities were given, the lead concentration in the urine did not exceed .8 mg daily. As discussed before, there was a greater tissue retention of lead by sheep fed 1,000 ppm than by those fed lower concentrations in the diet.
